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MULTI-COLOR, MULTI-FOCAL PLANE 
OPTICAL DETECTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application relates and claims priority to pending 
US. application Ser. No. 60/173,077 ?led Dec. 24, 1999, 
entitled MULTI-COLOR, MULTI-FOCAL PLANE OPTI 
CAL DETECTOR incorporated herein for all purposes. 

BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 

The present invention relates to photonic detection and 
more particularly to a photo detector detecting multiple 
Wavelengths simultaneously and connecting to a single 
substrate. 

2. Background Art 
It is often desirable in infrared and other visioning sys 

tems to be able to detect and determine, on a simultaneous 
and pixel-registered basis, the amount of light of tWo or 
more different Wavelengths in a given ?eld of vision. Being 
able to simultaneously distinguish betWeen these Wave 
lengths of light and to determine the relative amounts of 
each With a single vision system is important for such 
purposes as identifying a spectral signature for a given 
source. 

Single color semiconductor detectors and detector arrays 
are Well knoWn in the art, such as HgCdTe type focal plane 
array detectors. More recently, tWo color piXel detectors 
have been introduced. Suppliers such as DRS, Raytheon, 
RockWell, and Lockheed Martin Will be familiar to those 
skilled in the art. 

The folloWing patents may provide useful conteXt for the 
description that folloWs: 

Willner et al’s US. Pat. No. 5,546,209, entitled, “One 
To-Many Simultaneous and Recon?gureable Optical TWo 
Dimensional Plane Interconnections Using Multiple 
Wavelength, Vertical Cavity, Surface-Emitting Lasers and 
Wavelength-Dependent Detector Planes, issued Aug. 13, 
1996, involves the use of multiple semiconductor photode 
tector devices comprised of interband absorption materials 
and With different absorption spectra. These devices are 
integrated onto separate, optically transparent substrates, 
and then stacked one on top of the other to achieve multi 
Wavelength absorption in a pixel-registered fashion. The 
device uses Wavelength-division-multiplexing (WDM) to 
facilitate simultaneous and recon?gurable communication 
of from one, to many, 2-D optical planes. 

Schimert’s US. Pat. No. 5,539,206, entitled “Enhanced 
Quantum Well Infrared Photodetector,” issued Jul. 23, 1996, 
discloses an infrared detector array that includes a plurality 
of detector piXel structures, each of Which has a plurality of 
elongate quantum Well infrared radiation absorbing photo 
conductor (QWIP) elements. The group of QWIP elements 
are spaced such that they comprise a diffraction grating for 
the received infrared radiation. An infrared radiation re?ec 
tor is provided to form an optical cavity for receiving 
infrared radiation. Aplurality of detector piXel structures are 
combined to form a focal plane array. Each detector piXel 
structure produces a signal that is transmitted to a read out 
circuit. The group of the signals from the detector piXel 
structures produces an image corresponding to the received 
infrared radiation. 

Choi’s US. Pat. No. 5,384,469, entitled “Voltage 
Tunable, Multicolor Infrared Detectors,” issued Jan. 24, 
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2 
1995, discloses a tunable radiation detector consisting of a 
superlattice structure With a plurality of quantum Well units, 
each separated by a ?rst potential barrier and each having at 
least tWo doped quantum Wells separated by a second 
potential barrier. The Wells each have a loWer energy level 
and a higher energy level. The ?rst potential barriers sub 
stantially impede penetration of electrons at the loWer levels. 
The second potential barriers permit electrons at the loWer 
levels to tunnel through, and prevent energy-level coupling 
betWeen adjacent doped quantum Wells. A biasing circuit is 
connected across the semiconductor superlattice structure. A 
photocurrent sensor is provided for measuring the amount of 
radiation absorbed by the semiconductor superlattice struc 
ture. The superlattice structure is made a part of a hot 
electron transistor for providing ampli?cation. 

Dreiske’s US. Pat. No. 5,818,051, issued Oct. 6, 1998, 
for a Multiple Color Infrared Detector, discloses a detector 
formed from a photodiode, a photoconductor, and an insu 
lating layer of material disposed betWeen the photodiode and 
the photoconductor. The photodiode detects infrared radia 
tion in the spectral band betWeen about 3 and 5 micrometers, 
and the photoconductor detects infrared radiation in the 
spectral band betWeen about 8 and 13 micrometers. 

Chapman’s US. Pat. No. 5,959,339, issued Sep. 28, 1999, 
entitled Simultaneous TWo-Wavelength P-N-P-N Infrared 
Detector, discloses a detector array architecture With tWo 
stacked detectors of different Wavelengths per piXel, Where 
a pair of contact points for reading the current in each of the 
tWo detectors is brought by a metaliZation layer to the back 
surface of the device for piXel discrete contact With the 
ROIC substrate. The current induced by the ?rst Wavelength 
is measured directly at the ?rst detector contact, While the 
current induced by the second Wavelength is calculable in 
ROIC as the difference betWeen the currents measured at the 
respective ?rst and second detector contacts. There is a 
common edge conductor applied to the deepest contact on 
the piXel, the contact layer closest to the face of the detector, 
for supplying the voltage bias for the tWo detectors. The 
conductor connects all piXels and eXtends to the edge of the 
array Where it is connected to the voltage source. 
The Chapman disclosure is noteWorthy in its description 

of the construct of its FIG. 2 embodiment device; the 
transparent substrate being ?rst coated With an N layer of 
about 11 microns, a ?rst P layer of about 3.5 microns, an N 
layer of about 8.5 microns, then a capping P layer of “less 
than” 3.5 microns. The con?guration of the backside con 
tacts includes an intentional short betWeen the ?rst P layer 
and 2nd N layer, to avoid “an undesirable additional indium 
bump [or discrete piXel connection to the ROIC, Which] 
Would complicate the fabrication of the detector, and may 
also increase the area of the unit cell.” The larger implication 
in this statement is representative of the problem With this 
type of architecture; the thickness of the device When the 
prior art methodology is eXtended to the multiple layers 
necessary to construct a multiple Wavelength detector, is not 
conducive to the addition of any further backside contacts 
due to the depth of the Wells or vias. 

In summary, there is not demonstrated or anticipated in 
the art a multi-color, multi-focal plane optical detector in a 
monolithic or unitary device that can be fabricated by 
deposition techniques on a single substrate With a suf?cient 
number of back side contacts suitable for direct, discrete, 
piXel to ROIC connection and direct current readout for each 
Wavelength, and that can be easily scaled up to large array 
con?gurations suitable for the many applications for Which 
such a device Would be attractive. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a device for the 
detection of multiple different bandWidths of light simulta 
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neously on a pixel-registered basis using large-scale inte 
gration techniques, With relatively thin detector and contact 
layers Where all supporting electrical contacts are presented 
in a single plane on the back side of the piXel for piXel 
discrete connection to a substrate containing supporting 
circuitry. 

It is another object of the invention to provide for simul 
taneous detection of light in tWo or more bands from the 
ultra-violet and visible to long-infrared portion of the spec 
trum Within one device. It is a further object to provide such 
multi-Wavelength optical detection capability Within a single 
integrated circuit photo detector. 

It is a yet further object to provide a single channel per 
piXel, dual Wavelength, differential optical signal photo 
detector, Where such a device consists of tWo or more layers 
of inter-band or quantum inter-sub band transition materials 
that exhibit different absorption peaks at each of tWo or more 
Wavelengths. 
An aspect of the invention is the vertical stacking of the 

tWo or more of these detector layers, in relatively thin layers 
of about one micron or less. Yet another aspect of the 
invention is the addition of a refractive grid etched in relief 
into the backside of the device to re?ect incoming light 
through the face of the device at right angles edgeWise into 
the detector layers for eXtended travel through the light 
sensitive mediums. Still yet another aspect is the further 
coating With re?ective materials of the backside and edges 
of each piXel, and of the refractive grid, to form an open face 
photon boX, from Which little light can escape. All of these 
aspects contribute to the goal of perfect spatial registration 
of the selected Wavelengths, and simultaneous integration of 
the detector current from each detector through discrete 
piXel connections of all electrical leads to the ROIC sub 
strate. Combining these aspects give the property of perfect 
spatial and temporal registration of the images. This is 
important as it can greatly reduce the amount of subsequent 
image processing required. 

The present invention has the advantage of being scale 
able as to the number of Wavelengths. That is to say that 
more Wavelengths can be simultaneously detected by simply 
adding more layers of material to the device, up to the limit 
of the total thickness or depth of the device versus the ability 
to etch suf?ciently deep vias and Wells and to provide the 
metaliZation to bring the contact layer leads to the backside 
for connection to the ROIC substrate. At least four color 
devices are practical With current methodologies employed 
in accordance With the invention. 

Another advantage of the present invention is the ease of 
fabrication and the resultant high yields. Current processes 
result in yields in devices that have shoWn 99.99% oper 
ability. Yet another advantage is that pixel-registration is an 
automatic outcome of the present invention. This alloWs for 
maximum use of the area impinged upon by the incoming 
light. 

Still yet another advantage is the combination of piXel 
registration and simultaneous temporal integration of the 
detector signals. Combining both aspects give the property 
of perfect spatial and temporal registration of the images. 
This aspect, combined With discrete piXel connections for all 
leads, is very important as it can greatly reduce the amount 
of subsequent image processing required. 

Still other objects and advantages of the present invention 
Will become readily apparent to those skilled in this art from 
the folloWing detailed description, Wherein We have shoWn 
and described only a preferred embodiment of the invention, 
simply by Way of illustration of the best mode contemplated 
by us on carrying out the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic, partially cut-aWay, perspective 
vieW of a single light detector device With multiple layers of 
interband materials oriented for detecting light at tWo dif 
ferent Wavelengths, With backside connections for detector 
bias and individual detector current readouts. 

FIG. 2 is a diagrammatic, cross section vieW of the 
embodiment of FIG. 1, illustrating the contact and light 
detection layers, and respective Indium bump contacts as 
connected to an ROIC substrate. 

FIG. 3 is a simpli?ed electrical schematic of the embodi 
ment of FIG. 1, illustrating the device’s ability to detect tWo 
Wavelengths of light. 

FIG. 4 is a graph of the absorption coefficient versus 
Wavelength for the detection layers of the embodiment of 
FIG. 1. 

FIG. 5 is a graph of the absorption coefficient versus 
Wavelength for tWo different detection layers fabricated of 
quantum-Well inter-sub band materials. 

FIG. 6 is a partial perspective diagrammatic vieW of the 
refractive pattern etched into the top contact layer of the 
embodiment of FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention is a semiconductor-based, photo 
detector structure capable of simultaneously detecting mul 
tiple Wavelengths of light on a pixel-registered basis, and 
having all electrical contacts eXposed. FIG. 1 contains a 
draWing of the invention as it Would appear having been 
designed to detect tWo different Wavelengths of light, k1 and 
A2. The apparatus is comprised of tWo layers 20 and 40 of 
detector semiconductor material each With a different light 
absorption spectrum, layer 40 being Detector k1 and layer 
20 being Detector k2, and three layers of contact semicon 
ductor material, contact layers 10, 30 and 50, connected 
metaliZed conductor strips to backside contacts 11, 31, and 
51 respectively. 
The structure is created by epitaXial groWth of the various 

layers of semiconductor material upon a semiconductor 
substrate folloWed by selective removal of epitaXial material 
using an isotropic chemical etch to create the plateau-shaped 
device illustrated in FIG. 1. The speci?c semiconductor 
materials used depend on the speci?c Wavelengths to be 
detected. Binary and ternary compounds such as GaAs and 
AlGaAs and quaternary compounds such as GaInAsP can be 
used. 

As noted in the background section, vertically stacked 
prior art single Wavelength detectors use relatively thick 
detector layers in order to obtain a suf?cient depth of 
eXposure or distance through Which the light entering nor 
mal to the plane of the detector, so as to obtain an adequate 
sampling of the Wavelength of interest and create a corre 
sponding signal. In the multiple Wavelength, multiple detec 
tor layer case, Where the prior art methodology is eXtended 
to simply adding additional layers, the limitations in the 
ability to fabricate posts and vias in proportionally thicker 
devices led to development of the edge connector for 
providing the detector bias voltage. 

The dif?culty in providing a backside bias connection in 
the same plane as the detector signal contacts Was overcome 
in several Ways. The detector layers and contact layers in the 
preferred embodiment are each only about one micron thick, 
permitting the etching of vias and Wells suf?ciently deep to 
reach the contact layers but still suf?ciently small in Width 
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and cross section to allow room for several contacts Within 
the pixel surface area. As in the prior art, metal steps connect 
the contact layers to their backside surface pads. 

Referring to FIGS. 2 and 6, the distance that light travels 
in the relatively thin detector layers of the invention is 
increased signi?cantly by ?rst etching in relief and then 
coating a refractive pattern 60, in the form of a grid or Waf?e 
pattern, on the top of the ?nal or backside contact layer 50. 
This refractive pattern 60 re?ects a substantial portion of the 
light coming straight into the detector in a direction normal 
to the path of entry, dispersing it edgeWise through detector 
layers 20 and 40 so as to maximize the exposure of the 
detector layers semiconductor materials to the light. The 
geometry and orientation of the pattern, including the siZe, 
height, and spacing of the steps or Wells of the grid, is 
optimiZed for the center Wavelength of interest. The depth or 
relief of the etching is one quarter Wavelength of the 
Wavelength of interest; the spacing or pitch of the lines of the 
pattern is a Wavelength in each direction. 

The top or unetched portion 62 of refractive pattern 60 is 
?rst treated With an AuSnAu deposition coating for electrical 
bonding of a contact pad. The full pattern 60 is then coated 
With a gold mask, assuring that sideWalls 64 and loWer, 
etched level 66 of the pattern is directly gold coated to 
achieve a smoother, more re?ective quality With respect to 
the interior side of the coating. The AuSnAu deposition is 
limited to the top surface 62 Where bonding is necessary, 
because tin (Sn) tends to permeate the surface of the 
semiconductor material, leaving a rough texture to the 
coating interface on the contact layer that degrades the 
re?ective properties of the coating. 

The pixel edges of the detector layers are likeWise gold 
coated to re?ect the refracted light vectors repeatedly back 
into the detector layers for maximum exposure of the 
detector layer material to the available light. The thin layers, 
refractive pattern and associated re?ective coatings create in 
effect What one might refer to as an open face “photon box,” 
in Which light enters the face, is refracted at right angles off 
the backside of the box, and is hence re?ected from side to 
side Within the box. 

In the preferred embodiment a simple square grid pattern 
60 is used. The grid may be etched leaving the squares 62 in 
relief, as shoWn in FIG. 6, or alternatively, the squares may 
be etched leaving the grid lines in relief, as in a Waf?e 
pattern. The resultant surface area of each level is about 
equal. 

The refraction effect of the square pattern on light entering 
the detector tends to be bi-directional, oriented With the lines 
of the pattern, so the pattern is preferably diagonally ori 
ented With respect to the edges of the pixel so planar light 
vectors are initiated at angles other than perpendicular to the 
edges of the pixel. This further enhance edge re?ection 
properties Within the detector layer, bouncing the light 
vectors around the box rather than straight back and forth 
betWeen opposing sides. 

The indium bump or contact 51 for contact layer 50, the 
top or ?nal contact layer, is set on squares 62, the higher or 
unetched level of pattern 60, the nominally 50% surface area 
of the unetched portion of the pattern, bridging the loWer 
level 66 troughs or Wells of the pattern. A close up vieW of 
the refractive pattern is illustrated in cross section in FIG. 2 
and in partial perspective vieW in FIG. 6. 

Referring back to FIGS. 1 and 2, the multi-Wavelength 
detector device can be made from combinations of elements 
from groups II, III, IV, and V from the periodic table. Precise 
physical and performance characteristics depend on the 
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6 
exact composition of the material. Metal conductors are then 
deposited onto the structure to form electrical connectivity 
betWeen contacts 11, 31, and 51 on the back surface of the 
device, and the three individual contact layers 10, 30, and 
50. Contacts 11, 31, and 51 are electrically connected to their 
respective contact layers, but are electrically insulated from 
all other layers except through the tWo detector layers 20 and 
40. 

Densely packed arrays of these photo detector devices can 
be created on the same semiconductor substrate and then be 
?ip-chip mounted, or hybridiZed, onto another substrate 
containing the electronic circuitry that is connected to the 
photo detectors through the metal contacts 11, 31 and 51, on 
the backside surface of each device. 

Referring noW to FIG. 2, there is graphically illustrated a 
single device in cross section after it has been hybridiZed 
onto an ROIC substrate 70 containing electronic circuitry. In 
operation a detector bias voltage is placed on contact 31 With 
respect to contacts 11 and 51. This produces an electrical 
bias across each detector layer. The layer composition of the 
tWo photo detecting devices have been carefully chosen so 
that When light of multiple Wavelengths pass into the photo 
detector, the layers selectively absorb certain Wavelengths, 
While remaining transparent to other Wavelengths. 

Absorption of the selected Wavelength of light energy 
modulates current in the corresponding detector layer. This 
current can then be measured separately and simultaneously 
by the read out integrated circuit (ROIC) present on sub 
strate 70. The equivalent electrical schematic of FIG. 2 is 
depicted in FIG. 3. A detector bias voltage Vdb is placed on 
node or contact 31 With respect to nodes or contacts 11 and 
51. Each detector layer, 20 and 40, absorbs the particular 
Wavelength of light for Which it Was designed. This absorp 
tion modulates the current passing through the detector layer 
caused by the applied voltage bias. The total current through 
each detector is separately collected by a readout integrated 
circuit and measured. This measured current is proportional 
to the amount of light absorbed by the associated detector. 

In practice the ROIC substrate 70 can measure the current 
from one detector at a time, sWitching rapidly betWeen 
detectors k1 and A2 to perform each measurement. 
HoWever, the preferred method is to collect currents from 
both detectors k1 and M simultaneously. 

The embodiment variously represented by FIGS. 1, 2, and 
3, has been designed to detect tWo Wavelengths of light, k1 
and k2, but it is understood that it is Within the scope of the 
invention to build devices that can detect several Wave 
lengths simultaneously using the methodology described 
here. In particular, the tWo layer embodiment can be 
increased by adding layers and backside contacts to accom 
modate at least four discrete detector layers Within each 
pixel. 

There are tWo general types of absorption spectra seen in 
the materials that can be used to produce the photo detectors 
of the present invention as shoWn in FIG. 2. First, for 
interband materials, such as GaAs, InSb, and HgCdTe, 
Which are typically designed for the detection of near, mid 
and long-Wave infrared radiation, respectively. The relative 
absorption spectra for these materials appear as shoWn in 
FIG. 4. The tWo curves L2 and L1, represent the absorption 
coef?cients as a function of Wavelength (7») of the materials 
contained in contact layers 2 and 1 shoWn in FIG. 1. In 
general, each curve shoWs a region of high absorption at 
shorter Wavelengths k2, While at longer Wavelengths k1, the 
absorption diminishes. 
To build a multi-color detector out of this type of material 

requires that the absorption spectra center around the Wave 
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lengths of light for Which detection is desired, here assumed 
to be k1 and L2. This selection ensures ef?cient absorption 
of light at the selected Wavelengths. In the this example, 
contact layer 10 of FIG. 1 Would be used to detect k2 and 
contact layer 50 Would be used to detect k1. In addition, the 
materials must be layered in the detector in an order such 
that light passes through detector layer 20 ?rst and then into 
detector layer 40. The reason for this is that since the 
absorption spectrum for the material of layer 40 contains a 
region of high absorption that includes k2, it Would incor 
rectly ?lter k2 along with A1 if it Were placed ?rst in the path 
of incoming light. 

The second type of absorption spectrum is one seen in 
quantum-Well inter-sub band materials, such as GaAs/ 
AlGaAs, AlGaAs/InGaAs, designed to detect mid- and 
far-infrared Wavelengths. FIG. 5 shoWs schematic represen 
tations of the absorption curves LM2 and LM1 for any tWo 
different quantum-Well, inter-subband materials M2 and M1. 
Note that these spectra do not overlap each other in their 
respective k2 and k1 regions of high absorption. When tWo 
such materials are used to create the multicolor photo 
detector of the present invention, then it is not be necessary 
to form the structure With the layer sequencing constraint 
necessary With interband absorption materials. 

The invention lends itself to numerous potential applica 
tions. With an array of dual-Wavelength, photo detectors, a 
netWork interconnect can be created Whereby one Wave 
length transmits the data value While the other Wavelength 
transmits the inverted data value. In this Way, a differential 
optical signal can be transmitted, improving noise margin 
and extending the physical range of optical interconnects. 

Another area of application for this invention is in vision 
system applications Where pixel-registered images in mul 
tiple Wavelengths are useful, including Weapons targeting, 
chemical analysis, medical imaging and diagnostics. 

The methodology described here differs from current 
conventional methods by depositing very thin detector 
layers, stacking the layers vertically on top of each other, by 
applying a refractive grid ?nish to the backside contact layer 
and a further re?ective ?nish to the backside and edges to 
create the proton box, and by bringing the bias contact as 
Well as the readout contacts to the backside surface of the 
pixel for mating to the ROIC substrate as With ?ip-chip or 
other bonding techniques. Some other methods utiliZe a 
common edge conductor on the contact layer furthest from 
the backside, for bias voltage, Where the common connector 
extends across adjacent pixels to the edge of the array for 
connection to a bias voltage source. This lacks the advantage 
of a discrete pixel bias voltage connection and a common, 
one step fabrication process for making all necessary con 
nections to the detector array. 

Other methods for creating multi-Wavelength detectors, 
organiZe the detector elements side by side in the same plane 
Within a pixel. This simpli?es the detector fabrication but 
requires more physical space and/or small detectors. Verti 
cally stacking relatively thin detector layers in order of 
transparency, and using the refractive grid and associated 
“photon box” techniques, alloWs each detector the maxi 
mum exposure area to the incoming light. This improves the 
detector ?ll factor, here de?ned as the active optical detector 
area divided by the total area, and also the detector perfor 
mance. Also, With data from a given pixel collected at the 
same time for each color, combined With discrete pixel bias 
control, there is the potential for doing complex data pro 
cessing at each pixel site, advancing the integration of 
sensing and processing poWer yet another ?nite step. 
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As Will be realiZed, the invention is capable of other and 

different embodiments, and its several details are capable of 
modi?cations in various obvious respects, all Without 
departing from the invention. For example, there is Within 
the scope of the invention a multi-Wavelength, pixel 
registered photo detector array With a multiplicity of detec 
tor layers of semiconductor material interspersed betWeen 
contact layers of semiconductor material, Where each said 
detector layer has a different light absorption versus Wave 
length response curve, and each detector layer is not more 
than about one micron in thickness. 

Each pixel of the detector array may have a transparent 
face and a back side, Where the backsides are all in a 
common plane to accommodate connection to a planar 
ROIC substrate. In furtherance of that connection, each 
contact layer of each pixel may have a discrete electrical 
contact on the backside of the pixel, so that all the contacts 
are connectable to mating contacts on the planar substrate 
containing ROIC and other supporting electrical circuitry. 
One contact layer of each pixel is alWays the ?nal or 

capping contact layer that forms the back side, or is more 
likely proximate the backside of the pixel due to having been 
coated all or partially, as is knoWn in the art, to insulate, 
re?ect, or provide bumps or contacts and conduct leads to 
loWer level contact layers. The outer surface of this ?nal or 
capping contact layer may be etched in relief With a refrac 
tive lightWave pattern for re?ecting light entering the pixel 
normal to the transparent face, at substantially right angles 
so as to be dispersed edgeWise into the detector layers. 
The refractive lightWave pattern may be a grid of lines and 

squares, the pitch of the squares being one Wavelength of the 
center frequency of interest, the area of the grid lines being 
about equal to the area of the squares. The grid pattern may 
be oriented diagonally With respect to the major edges of the 
pixel so that the refracted light is directed toWards the edges 
at other than a right angle. Either the lines or the squares of 
the pattern may be etched, the etching being done to a depth 
about one quarter Wavelength of the center frequency of 
interest. 
The top or ?nal contact layer and the edges of the detector 

layers of each pixel may be re?ectively coated for contain 
ing light Within the pixel by re?ecting it endlessly from edge 
to edge Within the plane of the detector layers. 
The semiconductor material of the detector layers may be 

interband materials, Where the detector layers are deposited 
in order from top to bottom of the photo detector by their 
respective response curves for detecting from longer to 
shorter Wavelengths of light. The interband materials may 
consist of at least a binary compound of elements from 
among Groups II, III, IV, and V from the periodic table, such 
as GaAs, AlGaAs, and GaInAsP. 

Alternatively, the semiconductor materials may be 
quantum-Well inter-sub band materials, from among Groups 
II, III, IV, and V from the periodic table, such as compounds 
like GaAs/AlGaAs and AlGaAs/InGaAs. 
As another example, there is Within the scope of the 

invention a single channel differential optical signal detector 
that consists of a multiple Wavelength semiconductor photo 
detector or pixel having a multiplicity of detector layers of 
semiconductor material interspersed betWeen contact layers 
of semiconductor material, Where each detector layer has a 
different light absorption versus Wavelength response curve, 
and each detector layer is not more than about one micron 
in thickness. The detector has a transparent face into Which 
light is directed, and a back side. Each contact layer has a 
discrete electrical contact on the backside, to Which it is 
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connected by a metal step doWn strip applied in the usual 
manner, so that all the contacts, including the voltage bias 
contacts, are connectable to mating contacts on a substrate 
having supporting integrated circuitry. 

One contact layer is a ?nal or top contact layer proXimate 
the back side of the detector. The eXposed or outside surface 
of the ?nal contact layer is etched in relief With a refractive 
lightWave pattern that is con?gured for re?ecting light 
entering the piXel normal to its face, at substantially right 
angles so as to be dispersed edgeWise into the detector 
layers, and parallel With the face and backside of the piXel. 
The refractive lightWave pattern may consist of a grid of 
lines and squares, and be applied as described in other 
embodiments. The ?nal contact layer and edges of the 
detector layers of the detector may be re?ectively coated for 
containing light as described in other embodiments. The 
detector in this embodiment may be a piXel in a tWo 
dimensional array of pixel-registered tWo Wavelength semi 
conductor photo detectors. 
As yet another eXample, the invention is embodied in a 

multi channel differential optical signal detector device 
consisting of a multiple Wavelength pixel-registered semi 
conductor photo detector array, Where each piXel thereof has 
at least tWo detector layers of semiconductor material inter 
spersed betWeen at least three contact layers of semicon 
ductor material. Each detector layer has a different light 
absorption versus Wavelength response curve. Each detector 
layer is not more than about one micron in thickness. Each 
piXel has a transparent face that is optically connected to a 
single signal channel or ?ber for admitting light signals. 
Each contact layer of each piXel may have a discrete 
electrical contact on its backside, and all the contacts of each 
piXel may be connectable to mating contacts on a substrate 
having supporting integrated circuitry. 

One of the contact layers of each piXel is the ?nal or top 
layer proximate the back side of the piXel. The outer side or 
surface of the ?nal contact layer may be etched in relief With 
a refractive lightWave pattern as described in other embodi 
ments. The ?nal or top contact layer and edges of the 
detector layers of each piXel may be re?ectively coated as 
described in other embodiments. 

The objects and advantages of the invention may be 
further realiZed and attained by means of the instrumentali 
ties and combinations particularly pointed out in the 
appended claims. 
We claim: 
1. A multi-Wavelength pixel-registered photo detector 

array comprising 
a multiplicity of detector layers of semiconductor material 

interspersed betWeen contact layers of semiconductor 
material so as to have a transparent face and a backside, 

each said detector layer having a different light absorption 
versus Wavelength response curve, 

each said detector layer being not more than about one 
micron in thickness, 

one said contact layer of each said piXel being a ?nal 
contact layer proximate said backside, 

the outer side of said ?nal contact layer being etched in 
relief With a refractive lightWave pattern, 

said refractive lightWave pattern con?gured for re?ecting 
light entering said piXel normal to said transparent face 
at substantially right angles so as to be dispersed 
edgeWise into said detector layers, 

said ?nal contact layer and edges of said detector layers 
of each said piXel being re?ectively coated for contain 
ing light Within said piXel, 
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10 
said semiconductor materials being quantum-Well inter 

sub band materials. 
2. A multi-Wavelength pixel-registered photo detector 

array according to claim 1, 
each piXel of said detector array having a transparent face 

and a back side, 
said backsides of all said piXels having a common plane, 
each said contact layer of each said piXel having an 

electrical connection to a respective electrical contact 
on said backside, 

all said contacts being connectable to mating contacts on 
a planar substrate containing supporting electrical cir 
cuitry. 

3. A multi-Wavelength pixel-registered photo detector 
array comprising 

a multiplicity of detector layers of semiconductor material 
interspersed betWeen contact layers of semiconductor 
material so as to have a transparent face and a backside, 

each said detector layer having a different light absorption 
versus Wavelength response curve, 

each said detector layer being not more than about one 
micron in thickness, 

one said contact layer of each said piXel being a ?nal 
contact layer proXimate said backside, 

the outer side of said ?nal contact layer being etched in 
relief With a refractive lightWave pattern, 

said refractive lightWave pattern comprising a grid of 
lines and squares, 

the pitch of said squares being one Wavelength, 
the area of said lines being substantially equal to the area 

of said squares, 
said grid being oriented diagonally to the major edges of 

said piXel, 
either of said lines and said squares being etched to a 

depth about one quarter Wavelength, 
said ?nal contact layer and edges of said detector layers 

of each said piXel being re?ectively coated for contain 
ing light Within said piXel, 

said semiconductor materials of said detector layers being 
interband materials, 

said detector layers being ordered from top to bottom of 
said photo detector by respective said response curves 
for detecting from longer to shorter Wavelengths of 
light. 

4. A multi-Wavelength pixel-registered photo detector 
array according to claim 3, 

each piXel of said detector array having a transparent face 
and a back side, 

said backsides of all said piXels having a common plane, 
each said contact layer of each said piXel having an 

electrical connection to a respective electrical contact 
on said backside, 

all said contacts being connectable to mating contacts on 
a planar substrate containing supporting electrical cir 
cuitry. 

5. A multi-Wavelength pixel-registered photo detector 
array comprising 

a multiplicity of detector layers of semiconductor material 
interspersed betWeen contact layers of semiconductor 
material so as to have a transparent face and a backside, 

each said detector layer having a different light absorption 
versus Wavelength response curve, 

each said detector layer being not more than about one 
micron in thickness, 
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each pixel of said detector array having a transparent face 
and a back side, 

said backsides of all said pixels having a common plane, 
each said contact layer of each said pixel having an 

electrical connection to a respective discrete electrical 
contact on said backside, 

all said contacts being connectable to mating contacts on 
a planar substrate containing supporting electrical cir 
cuitry. 

6. A multi-Wavelength pixel-registered photo detector 
array according to claim 5, 

one said contact layer of each said pixel being a ?nal 
contact layer proximate said backside, 

the outer side of said ?nal contact layer being etched in 
relief With a refractive lightWave pattern, 

said refractive lightWave pattern con?gured for re?ecting 
light entering said pixel normal to said transparent face 
at substantially right angles so as to be dispersed 
edgeWise into said detector layers, 

said ?nal contact layer and edges of said detector layers 
of each said pixel being re?ectively coated for contain 
ing light Within said pixel. 

7. A multi-Wavelength pixel-registered photo detector 
array according to claim 6, 

said refractive lightWave pattern comprising a grid of 
lines and squares, 

the pitch of said squares being one Wavelength, 
the area of said lines being substantially equal to the area 

of said squares, 
said grid being oriented diagonally to the major edges of 

said pixel, 
either of said lines and said squares being etched to a 

depth about one quarter Wavelength. 
8. A multi-Wavelength pixel-registered photo detector 

array according to claim 5, 
said semiconductor materials of said detector layers being 

interband materials, 
said detector layers being ordered from top to bottom of 

said photo detector by respective said response curves 
for detecting from longer to shorter Wavelengths of 
light, 

said interband materials comprising at least a binary 
compound consisting of elements from among Groups 
II, III, IV, and V from the periodic table. 

9. A multi-Wavelength pixel-registered photo detector 
according to claim 8, said compound comprising at least one 
compound from among the group of compounds consisting 
of GaAs, AlGaAs, and GaInAsP. 

10. A multi-Wavelength pixel-registered photo detector 
according to claim 5, said semiconductor materials being 
quantum-Well inter-sub band materials. 

11. A multi-Wavelength pixel-registered photo detector 
according to claim 9, said quantum-Well inter-sub band 
materials comprising a compound consisting of elements 
from among Groups II, III, IV, and V from the periodic table. 

12. A multi-Wavelength pixel-registered photo detector 
according to claim 11, said compound comprising at least 
one compound from among the group of compounds con 
sisting of GaAs/AlGaAs and AlGaAs/InGaAs. 

13. A single channel differential optical signal detector 
comprising 

a multiple Wavelength semiconductor photo detector hav 
ing a multiplicity of detector layers of semiconductor 
material interspersed betWeen contact layers of semi 
conductor material, 

12 
each said detector layer having a different light absorption 

versus Wavelength response curve, 

each said detector layer being not more than about one 
micron in thickness, 

said detector having a transparent face and a back side, 

each said contact layer having a discrete electrical contact 
on said backside, 

all said contacts being connectable to mating contacts on 
a substrate having supporting integrated circuitry. 

14. A single channel differential optical signal detector 
according to claim 13, 

10 

one said contact layer being a ?nal contact layer proxi 
mate said back side, 

15 the outer side of said ?nal contact layer being etched in 
relief With a refractive lightWave pattern, 

said refractive lightWave pattern con?gured for re?ecting 
light entering said pixel normal to said transparent face 
at substantially right angles so as to be dispersed 
edgeWise into said detector layers. 

15. A single channel differential optical signal detector 
according to claim 14, 

said refractive lightWave pattern comprising a grid of 
lines and squares, 

the pitch of said squares being one Wavelength, 
the area of said lines being substantially equal to the area 

of said squares, 
said grid being oriented diagonally to the major edges of 

said detector, 
either of said lines and said squares being etched to a 

depth of about one quarter Wavelength, 
said ?nal contact layer and edges of said detector layers 

of said detector being re?ectively coated for containing 
light Within said pixel. 

16. A single channel differential optical signal detector 
according to claim 15, said detector being one of a tWo 
dimensional array of pixel-registered tWo Wavelength semi 
conductor photo detectors. 

17. A multi channel differential optical signal detector 
device comprising 

a multiple Wavelength pixel-registered semiconductor 
photo detector array, 

each pixel thereof having at least tWo detector layers of 
semiconductor material interspersed betWeen at least 
three contact layers of semiconductor material, 

each said detector layer having a different light absorption 
versus Wavelength response curve, 

each said detector layer being not more than about one 
micron in thickness, 

each said pixel having a transparent face and a back side, 
said transparent face being optically connected to a signal 

channel, 
each said contact layer having a discrete electrical contact 

on said backside, 
all said contacts being connectable to mating contacts on 

a substrate having supporting integrated circuitry. 
60 18. A multi channel differential optical signal detector 

device according to claim 17, 
one said contact layer of each said pixel being a ?nal 

contact layer proximate said back side, 
the outer side of said ?nal contact layer being etched in 

relief With a refractive lightWave pattern, 
said refractive lightWave pattern con?gured for re?ecting 

light entering said pixel normal to said transparent face 
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at substantially right angles so as to be dispersed said grid being oriented diagonally to the major edges of 
edgeWise into said detector layers. Said pixel, 

19. A rnulti channel differential optical signal detector either 0f Said lines and Said squares being etched to a 
depth about one quarter Wavelength. 

.d f t. 1. ht n . . .d f 5 21). A rnulti channel ‘differential optical signal detector 
Sal, re me We 1g Wave ,pa em ‘iompnsmg a gm 0 device according to claim 18, said ?nal contact layer and 

hues and Squares> the pltch of Sald Squares bemg one edges of said detector layers of said detector being re?ec 
Wavelengtlb tively coated for containing light Within said piXel. 

the area of said lines being substantially equal to the area 
of said squares, 

device according to claim 18, 

* * * * * 


